Purpose To evaluate the ovarian response to controlled ovarian hyperstimulation (COH) in cancer patients according to an age-specific nomogram for the number of retrieved oocytes. Methods Retrospective observational study carried out in a University affiliated fertility clinic. Forty-eight patients with cancer underwent ovarian stimulation for oocyte cryopreservation. An age -specific nomogram for the number of retrieved oocytes was built with 1536 IVF cycles due to male factor exclusively, oocyte donation and age related fertility preservation. The number of oocytes retrieved in cancer patients was compared to the expected response according to the nomogram using the Z-score. Results The mean number of total retrieved oocytes in patients with cancer was 14.04±8.83. After applying the Z-score to compare the number of retrieved oocytes between women with cancer and the expected response according to the agespecific nomogram, we did not observe a statistically significant difference (Z-score 0.23; 95 % CI [−0.13-0.60]). Conclusion(s) According to our results, patients with cancer exhibit an ovarian response as expected by age. Despite the limitation of the sample size, the obtained results should encourage oncologists for early referral of women with cancer to fertility specialists.
Introduction
Fertility preservation (FP) is becoming an important issue in the approach of oncologic patients due to increased survival rates and delayed childbearing.
An estimated 1 out of 47 women will be diagnosed with cancer by age 40 years. The most common cancers in reproductive aged women are breast, melanoma, cervical, non-Hodgkin's lymphoma and leukemia; the 5-year survival rate of these tumors ranges from 50 to 68 %, being 90 % for breast cancer [1] .
The negative impact of cancer treatments on female fertility is well known and depends on patient's age, dose and type of chemotherapeutic agent and field of irradiation. Alkylating agents, abdominal, pelvic or total body irradiation and bone marrow transplantation represent the maximum risk of gonadal damage [2] .
The psychological burden related to this fertility loss is substantial in 77 % of patients [3] ; thus, referral to the fertility specialist for FP counselling prior to the oncologic treatment start is recommended.
There are numerous strategies for FP in the female patient; the choice will depend on the age of the patient, social status, type of disease, treatment required and time availability before the onset of chemotherapy [4] . Combination of several strategies may improve the chances of success [5] .
Oocyte cryostorage is one of the major approaches of FP as no surgery is required, it has already resulted in many live births and it can be achieved with mild stimulation protocols that last in average 12 days [6] . Even more, oocyte cryopreservation is no longer considered an experimental strategy for FP purposes [7] .
However, concern has been raised regarding a potential negative impact of the cancer process itself on the ovarian function and the response to controlled ovarian hyperstimulation (COH), even before the start of oncologic treatment [8] .
Whereas several studies have shown that malignancies, especially testicular cancer and lymphoma, in male patients adversely affect fertility before the initiation of the oncologic treatment [9] , in women data are conflicting. An adverse influence of malignancy on oocyte biology was first reported by Pal et al. [10] . An increased catabolic state, malnutrition and increased stress hormone levels may affect the hypothalamic -gonadal axis and impair fertility; moreover, BRCA 1 mutation has been linked to occult primary ovarian insufficiency [11] . A recent meta-analysis on ovarian performance of women with cancer undergoing COH for FP before oncologic treatment concludes that women with malignancy should expect a lower number of oocytes retrieved, compared with healthy age-matched patients [8] . Another systematic review states that malignancies in general do not affect the number of oocytes retrieved, although ovarian response was significantly lower in hormone-dependent neoplasias [12] .
So far, studies investigating the effect of cancer on ovarian response have used age-matched patients as controls. Despite the usefulness of matching to control for confounding factors, not all the variability of the studied parameter may be taken into account when selecting controls; moreover, some authors refer incorrectly to "matching" just because the two groups are similar in the distribution of the matching variable [13] .
The purpose of this study is to evaluate the ovarian response to COH in women with cancer and to compare it to the expected response according to an age-specific nomogram for the number of retrieved oocytes, using the standardized unit Z-score.
Material and methods

Study population and design
This is a retrospective observational study that includes 48 women with cancer that underwent COH for embryo or oocyte cryopreservation for FP between 2007 and 2012 in a university-affiliated clinic. Subjects that had received oncologic treatment before stimulation were excluded from the study.
Stimulation protocol
Depending upon the cycle day of the patient at the time of consultation, stimulation was initiated in the early follicular phase (classical stimulation protocol) or "at random". In "random start" cycles, GnRH antagonist (0.25 mg/day) was administered for 3 days and stimulation was started afterwards.
Stimulation was carried out with rFSH (initial doses ranged from 200 UI to 375 IU/day, according to age and ovarian reserve tests; adjustments could be done according to subsequent response).
Letrozole 5 mg/day was added in all cases of hormonedependent cancers from the stimulation start until the arrival of next menses.
GnRH antagonist (0.25 mg/day) was administered when a leading follicle of 14 mm was detected on the ultrasound scan until the day of ovulation trigger to prevent spontaneous premature LH surge.
When at least 3 follicles reached to 20 mm, ovulation was triggered with rhCG 250 μg or with GnRH agonist triptorelin 0.2 mg if there was a risk of ovarian hyperstimulation syndrome.
Oocyte retrival was performed transvaginally 36 h after ovulation trigger.
Outcomes
The main outcome was the number of retrieved oocytes, standardized by age and transformed into Z-score.
The following results were collected: basal FSH, AMH, antral follicle count (AFC), total gonadotropin consumption, duration of stimulation, peak serum estradiol level, number of retrieved oocytes and number of mature oocytes.
Statistical analysis
The expected ovarian response was calculated with an agespecific nomogram for the number of retrieved oocytes, which was built with 1536 IVF cycles due to male factor exclusively, oocyte donation and age-related fertility preservation; these cycles were performed at our Institution between 2010 and 2013 all under a GnRH antagonist protocol.
Construction of the curves for the nomogram was produced by GAMLSS method with R software [14, 15] .
The Z-score was used to compare the number of retrieved oocytes between women with cancer and the expected response according to the nomogram.
The Z-score was defined as the number of oocytes retrieved in oncologic patients minus the mean number of oocytes retrieved in the reference population used to build the nomogram (at the same age) divided by the standard deviation (at the same age).
We calculated the 95 % confidence interval (CI) for the Zscores. A confidence interval including zero entails that there aren't statistically significant differences between the studied population and the reference population.
Analysis of variance (ANOVA) was performed to compare the means of Z-scores between the different variables taking into account letrozole use or not, time of stimulation start, type of ovulation trigger and the interaction among all of them.
Ethical approval
The study was approved by the Institution Review Board (IRB) (CIOG 18012012/01).
This report was prepared according to the STROBE statement [16] .
Results
Forty-eight subjets underwent COH and oocyte retrieval before cancer treatment for FP purposes.
Stimulation was started in the early follicular phase in 79 % of cases, whereas 10 patients were not in the early follicular phase at the time of consultation and a "random start" cycle was performed. Letrozole was added in 28 cases (26 breast cancers and 2 endometrial cancers). Ovulation was triggered with rhCG in 29 cases and with GnRH agonist in the remaining 19 cases.
Gynaecological cancer accounted for 77 % of cases; haematological malignancies for 15 % and the remaining 8 % were malignancies of other origins (Table 1) .
Mean age of patients with cancer was 32.81±4.07 years. Patients' hormonal profile and AFC are shown in Table 2 . The mean number of total retrieved oocytes was 14.04±8.83. Mean duration of stimulation was 9.5±2.33 days. Other stimulation parameters are displayed in Table 2 .
The age-specific nomogram for the number of retrieved oocytes can be seen in Table 3 , in which several centiles are shown as a function of age.
After applying the Z-score to compare the number of retrieved oocytes between women with cancer (in general) and the expected response according to the nomogram, we did not observe a statistically significant difference (Z-score 0.23; 95 % CI [−0.13-0.60]) (Fig. 1) .
We further applied the Z-score to compare the number of retrieved oocytes with each stimulation protocol (with letrozole in hormone-dependent cancers, without letrozole in Values are expressed as mean ± standard deviation AFC antral follicle count; E2 estradiol; MII metaphase II Table 3 Age -specific nomogram for the number of retrieved oocytes (built with data from cycles due to male factor infertility, oocyte donation and age-related fertility preservation)
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Discussion
According to our results, ovarian response to COH in patients with cancer is as expected by age, as no significant differences were observed between the oocyte yield in women with malignancies and the expected one according to the agespecific nomogram.
The main aim of the study was to evaluate ovarian response in cancer patients and compare it to the expected one according to an age-specific nomogram; the other results obtained in each subgroup analysis should be interpreted with caution as more cases are needed in order to clarify whether they are due to the low number of cases, the type of malignancies or the stimulation protocol used. A potential increase of the gonadotrophin effect due to the use of aromatase inhibitors cannot be ruled out [17] .
Previous studies assessing the ovarian reserve and the ovarian response in cancer patients have shown conflicting results. The majority of published studies regarding ovarian reserve have not demonstrated significant differences between patients with malignancy and their age-matched controls [18] [19] [20] [21] , although some authors have reported significantly lower AMH levels in patients with lymphoma [22] and lower AFC in women with cancer than in healthy controls [23] . Analyzing the ovarian reserve status was not the main goal of the current study but the observed data do not seem to reveal diminished ovarian reserve ( Table 1) .
As far as ovarian response is concerned, several studies have found a similar number of retrieved oocytes between cancer patients and the control group [18, 20, 21, [24] [25] [26] [27] , which is in agreement with the current findings. However, in one of the largest studies in which 223 cancer patients were included, patients with malignancy exhibited a weaker response to COH, especially those with hormone-dependent tumors. It is important to notice that in that study, patients with non hormone-dependent tumors showed a similar number of retrieved oocytes to controls [28] . Another study of the same group compared the ovarian response between oncologic patients and patients undergoing FP due to non oncological reasons and obtained comparable results in both groups; the main strength of that study is the big sample size, however, the comparison was done with an heterogeneous group that included age related fertility preservation, endometriosis and genetic diseases among others [29] .
Two meta-analysis including some of the above mentioned studies conclude differently; in one of them 7 studies are included and the authors' conclusion is that women with malignant disease should expect a lower number of oocytes retrieved after COH [8] , whereas the other meta-analysis including 10 studies (the same seven of the former metaanalysis and 3 studies more recently published) concluded that malignancies do not affect the number of oocytes retrieved in general; even though women with hormone-dependent neoplasia have a significantly lower oocyte yield [12] . It is probable that the observed discrepancy between the different studies is due to the lack of larger sample sizes and heterogeneity in the malignancies included as well as the stimulation protocols used. The differences in the methodology used to choose the control groups may also influence the results.
The current study has some limitations, which are shared with most of the previously published ones, such as a small sample size, retrospective nature and type of cancer and protocol dependent bias; however it has some strengths related to the statistical methodology used to compare the ovarian response, that distinguish it from the studies published up to now.
The majority of the recent studies comparing the ovarian response in oncologic patients have used age-matched patients as controls and many do not specify how the matching was done (see Table 5 ). Matching technique is useful in casecontrol studies because it helps control confounding factors that may affect the studied variable and therefore, it makes groups more comparable. Nevertheless, some authors use the term "matched" to mean that the two groups are similar in the distribution of the matching variables, but not that there is individual matching of each case to his or her own control; such studies should not be considered as matched [13] . Moreover, the matching technique has a limitation related to the selection bias when choosing controls, as controls may not gather all the variability of the studied parameter and thus, groups would not be comparable any more. The main strength of the current study is that, in order to avoid this bias, a reference age-specific nomogram for the number of retrieved oocytes was built with an extensive number of IVF cycles downregulated with GnRH antagonists (as cancer patients) and performed in supposedly healthy women (exclusively male factor infertility, oocyte donation and age-related fertility preservation). Subsequently, we calculated the differences between the observed values and the expected ones according to age with the standardized Z-score.
The authors consider that future studies should analyze each type of cancer separately and compare it to a nomogram in which the cycles included were performed with exactly the same protocol, in order to rule out both type of cancer and protocol dependent bias. Nevertheless, generally no statistically significant differences in the oocyte yield have been reported regarding the type of ovulation trigger [30] , the time of stimulation start [31] or the use of letrozole [31, 32] .
In conclusion, women with malignancy respond to COH as expected by age. This finding supports the role of oocyte cryopreservation as a means of FP and should encourage prompt referrals of patients from the oncology team to the reproductive endocrinologist after the diagnosis of cancer. 
